We discuss a new method of finding the cluster temperatures which is independent of distance and therefore very useful for distant clusters. The hot gas of electrons in clusters of galaxies scatters and distorts the cosmic microwave background radiation in a well determined way. This Sunyaev-Zel'dovich (SZ) effect is a useful tool for extracting information about clusters such as their peculiar radial velocity and optical depth. Here we show how the temperature of the cluster can be inferred from the SZ effect, in principle without use of X-ray data. We use recent millimetre observation of Abell 2163 to determine for the first time a cluster temperature using SZ observations only. The result T e = 26 +34 −19 keV at 68% confidence level (at 95% c.l. we find T > 1.5 keV) is in good agreement with the X-ray results, T e = 12.4 +2.8 −1.9 keV.
the CMBR is independent of redshift and can be used, in combination with other observations like X-ray measurements of the clusters, to extract important cosmological parameters such as the Hubble constant or the total mass density of the universe (Birkinshaw 1999; Carlstrom et al. 2001) . Nowadays there exist accurate measurements of the SZ effect in several clusters, and very recently the measurements of the SZ effects at high frequencies produced the first multi-frequency spectra, in the case of the Abell 2163 cluster (LaRoque et al. 2002) , and the Coma cluster (De Petris et al. 2002) .
The intensity change of the CMBR is proportional to the Comptonization parameter,
where T e is the average temperature of the electron gas, m e the electron mass, n e the electron number density, σ Th the Thomson scattering cross section, and the integral is calculated along the line of sight through the cluster. We use units where k B = = c = 1. For an intra-cluster gas which can be assumed isothermal one has y c = τ T e /m e , where τ is the optical depth. The intensity change is given by
where x = ν/T CMB is the dimensionless frequency (T CMB = 2.725 K), and I 0 = T 3 CMB /(2π 2 ). The intensity change is independent of the temperature for non-relativistic electrons, a limit which is valid for small frequencies (ν ∼ < 100 GHz), but for high frequencies it must be corrected (Rephaeli 1995) with δf (x, T e ) using either an expansion in T e /m e (Stebbins 1997; Challinor & Lasenby 1998; Itoh et al. 1998 Itoh et al. , 2001 or calculated exactly (Dolgov et al. 2001 ).
An additional distortion is caused by the relative motion of the cluster with respect to the CMBR rest frame, an effect known as the kinematic SZ effect (Sunyaev & Zel'dovich 1980) , which is identical to a change in the temperature of the CMBR. The corresponding intensity change, for a peculiar velocity v p , is
for which one can neglect the temperature dependence of this kinetic distortion, because it only gives a second order correction. The total intensity change is just the sum of the two SZ effects:
The different contributions to the SZ distortion are presented in Fig. 1 , where the total intensity change in Eq. (4) is compared to the thermal effect with vanishing temperature (the first term in Eq.
(2)). The kinematic SZ effect and the contribution of the relativistic corrections (the second term in Eq.
(2)) are presented for the parameter choice T e = 26 keV, τ = 7.2 × 10 −3 , and v p = 165 km/s. Now, the theoretical prediction can be compared to observations in order to extract the unknown values of the optical depth τ , peculiar velocity v p , and electron temperature T e . The value of y c is basically derived from the SZ measurement at low frequencies, where the temperature corrections are negligible, while the kinematic effect is maximal at the crossover frequency, where the thermal SZ effect vanishes (ν 0 = 217 GHz when T e → 0). Finally the data at higher frequencies may be used to find the non-trivial dependence of the electron temperature from the relativistic corrections in the second term of Eq. (2). Thus, with SZ observations at several different frequencies one can obtain the value of the electron temperature, independent of X-ray measurements. It is then clear that the error-bar of the temperature determination is mainly determined by the error-bars on the observations near 300 GHz. A forecast for the ability of Planck and FIRST to extract cluster temperatures using this technique was analysed in Pointecouteau et al. (1998) .
A different technique to extract the temperature of a cluster uses the gas mass fraction extracted from a sample of clusters with both SZ and X-ray observations. Assuming that this gas mass fraction is universal, one can thereby extract the cluster temperature (Joy et al. 2001 ). This method is complementary to ours, since the one we are describing does not need this assumption.
Previous analyses of SZ cluster data have shown that it is possible to put bounds on the values of the Comptonization parameter and the peculiar velocity (LaRoque et al. 2002) .
Here we extend these analyses and derive the electron temperature using exclusively the existing SZ measurements of the galaxy cluster Abell 2163 (LaRoque et al. 2002; Holzapfel et al. 1997b ), one of the hottest and most luminous of known clusters. We benefit from the remarkable progress in SZ observations over the last years, and use SZ data of Abell 2163 at redshift z = 0.2 from the Berkeley-Illinois-Maryland Association (BIMA) and Owens Valley Radio Observatory (OVRO) millimeter interferometers (LaRoque et al. 2002 ) at a frequency of 30 GHz, and the dust-corrected data from the Sunyaev-Zel'dovich Infrared Experiment (SuZIE) at 140, 220 and 270 GHz (Holzapfel et al. 1997b) to perform a likelihood analysis varying the three parameters: τ , v p and T e , allowed to vary in the ranges 0.001 < τ < 0.4, −3500 < v p < 3500 km/s, and 0 < T e < 90 keV. The SZ distortions are calculated with the exact method described in Dolgov et al. (2001) , which allows us to calculate the SZ distortion accurately for any temperature. The resulting bounds are marginalization over all other parameters, and the 68% confidence level (c.l.) is thus the integrated likelihood. The fairly non-elliptical likelihood contours are exemplified in Fig. 2, where keV. At 95% c.l. we find T > 1.5 keV, and −5000 > v p > 4000 km/s. The value of the electron temperature is in good agreement with that extracted from the X-ray data: T e = 12.4 +2.8 −1.9 keV (Holzapfel et al. 1997b,a) . The large error-bar on the SZ temperature determination depends strongly on the large error-bar of the 270 GHz observation, which will be significantly improved with future observations. If we artificially reduce all the observational error-bars with a factor of 2 (3), then the resulting error-bar on the temperature improves by almost a factor of 3 (5). The mass of the cluster is directly related to the electron temperature through (Finoguenov et al. 2001 ) M ≈ 4.2 · 10 13 (T /keV) 1.48 M ⊙ , which for our central value of T = 26 keV corresponds to M ≈ 5 · 10 13 M ⊙ .
The main application of temperature determination using SZ observations is for clusters at large distances. This is because the redshift independence of SZ makes it more powerful for very distant clusters than X-ray observations for which the X-ray flux diminishes rapidly (Korolev et al. 1986 ). Knowledge of the temperatures of distant clusters is crucial for the determination of cluster abundance and understanding their evolution. A measurement of the cluster abundance at large redshift will allow precise determination of cosmological parameters (Henry 2000) , and in combination with other observations can be used to constrain primordial non-Gaussianity (Robinson et al. 2000) . Also an inhomogeneous intergalactic gas can be studied with the expected improved SZ observations in the near future, using either bolometer or interferometer-based surveys. Futhermore, SZ temperature determination can be used as complementary information in merging clusters with multiple temperatures or non-thermal electrons, where the interpretation of X-ray results may be particularly difficult. Holzapfel et al. (1997b) , together with theoretical predictions for the parameter choice T e = 26 keV, τ = 7.2 × 10 −3 , and v p = 165 km/s. The thick solid line is the total SZ effect, the thin solid line is the thermal effect with vanishing electron temperature, the dashed line is the contribution of relativistic corrections (the δf (x, T e ) term in Eq. (2)), and the dotted line is the kinematic effect. Fig. 2. -The marginalized likelihood in (T e , v p ) plane. The densely hatched region indicates ∆χ 2 = 2.3 (∼ 1σ), and the less dense region is for ∆χ 2 = 4.6 (∼ 2σ). Our resulting central value is shown by a star.
